The intensive livestock production is responsible for a number of environmental threats. The main source of animal waste is generated in the form of slurry. The inadequate fertilizing (against the BAT rules) can often lead to contamination of soil and water. In turn, the presence of heavy metals found in factory farms by the use of animal feed supplements, prevents its use as a fertilizer. Therefore, other possibilities to recycle the waste are being studied. The aim of the research was to analyze the effect of heavy metal ions on the methane fermentation process yield in contaminated slurry. The manure studied came from dairy cattle farm in Greater Poland region. The tested substrate has been contaminated by heavy metal salts. In the experiment, the following salts have been used ZnO4· 7H20, CdCl 2 · 2,5H 2 O, CuSO4· 5H 2 O, Pb(NO 3 ) 2 . Anaerobic biodegradation of the fertilizer has been carried out in thermophilic conditions, which enables to indicate the effect of temperature on the efficiency of the occurring process. Furthermore, by comparing mesophilic and thermophilic fermentation, one can notice a higher methane yield from the contaminated slurry during the fermentation at lower temperatures. 
Introduction
An intensive animal production carries a number of risks to the environment. This is mainly due to the resulting odor and greenhouse gas emissions [1] - [3] . It's also noted that the arising large number of animal manure require proper disposal being a source of gas emission as well as biogenic substances. Improper management can lead to soil contamination as well as surface and ground water pollution [4] - [6] . Herefore, animal slurry require proper disposal in accordance with the law [7] .
One of the possibilities of managing animal manure on litter-free farms is methane fermentation. Anaerobic decomposition of organic substances allows obtaining a safe high yield fertilizer in form of raw slurry called a digestate [8] , [9] . In addition, the resulting biomass is much safer by reducing pathogenic organisms present in the animal faeces due to the temperature at which the process occurs. An important issue in the methane fermentation process is to preserve the proper parameter values [10] . One has to have in mind the anaerobic conditions, the availability of organic matter, the presence of bacterial microflora and proper temperature. There is also a set of factors that prevent the decomposition of organic substances. In case of slurry, it relates to, inter alia, heavy metals, which in high concentration lead to a process halt. These substances are a serious threat to the environment, humans and animals [11] . The presence of heavy metals in slurry results from the application of animal feed supplements [12] , [13] . These pharmaceuticals are commonly used in large-size farms, aimed at high yield of animals kept [14] - [16] . Rapid weight gain and protection against invasive disease of animals were possible thanks to feed supplements often used without any control, which have been banned to a large extent as a result of the side effects observed in the environment [17] . The current situation makes it necessary to carry out tests to determine the efficiency level of slurry methane fermentation contaminated with heavy metals in the case of inability of fertilizing application. Thus, the objective of described research is to determine the content of selected heavy metals in slurry on its usefulness in the process of biogas production.
Materials and Methods
The research was conducted in the Ecotechnologies Laboratory at Poznan University of Life Sciencesthe largest biogas laboratory in Poland. The gas emission analysis from slurry was based on a modified German standard DIN 38 414/S8 and standardized biogas guide of the German Engineers Association in Dresden VDI 4630. Chemical analyzes were made in accordance with Polish Standards. The research methodology in the field of bio-waste was developed by means of grants carried out in the course of the 6th Framework Project of the EU and Polish Ministry of Science and Higher Education in years 2006-2012.
Slurry and inoculum
The research material was cattle slurry coming from a private farm in Greater Poland, contaminated with heavy metals. For each slurry sample the following heavy-metal salts were added:
Also, a sample with a mixture of all heavy metal salts (mix) was created. In determining the dosage of heavy metal salts it was assumed that their concentrations in the slurry exceed the limit allowing for the fertilizer use [18] , [19] .
The inoculum was a liquid digestate fraction from the thermophilic reactor, operating in quasi continuous system in the Ecotechnologies Laboratory. The slurry mixtures with the inoculum were prepared in accordance with Table 1 . The proportions were established on the basis of the physicochemical parameters of substrates. Table 2 includes data relating to heavy metal concentration in the fermentation mixture prepared (cattle slurry and inoculum).
Methane production
Biogas efficiency tests of substrates were carried out in a multi-chamber biofermentor (Fig. 1) designed and built at the UP Institute of Biosystems Engineering in Poznań. Fig. 1 . Scheme of biofermentor for biogas production research (3-chamber section): 1 -water heater with temperature regulator, 2-water pump, 3-insulated conductors of calefaction liquid, 4-water coat with temp. 39°C, 5-biofermentor with charge capacity 2 dm3, 6-sampling tubes, 7-biogas transporting tube, 8-gas sampling valve, 9-biogas volumescale reservoir.
Methane fermentation was conducted in a glass biofermentor with a capacity of 2 dm 3 . The tested substrate was placed in a biofermentor, and then coated with a sufficient amount of inoculum. After purging the biofermentor with nitrogen (to create the anaerobic conditions) they were placed in a water bath at 55°C ±1 in order to ensure optimal conditions for the process of methane fermentation in the thermophilic conditions to occur. Biogas produced in each chamber was transported via PTFE tubings to the biogas reservoir constructed with an inverted cylinder immersed in water and adding a liquid column. At water -gas interfacials there was a liquid barrier to prevent dissolution of CO2 in water. All sample were tested in triplicate.
Gas samples
The daily biogas production measurements were performed at 24h intervals with an accuracy of 0.01 dm 3 . Qualitative and quantitative composition of fermentation gases were determined using a GA5000 gas analyzer by Geotech each time when the volume of gas in the tube exceeded 450 ml (this was due to the analyzer demand to perform measurement). GA5000 gas analyzer had the following quality certificates: ATEX II 2G Ex ib IIA T1 Gb (Ta = -10°C do +50°C), IECEx, CSA as well as UKAS ISO 17025 calibration certificate. It allowed to take gas measurements in ranges: O2 0-25%; CO2 0-100%; CH4 0-100%; NH3 0-1000 ppm and H2S 0-10 000 ppm. Calibration of the analyzer was performed every week using a calibration gases supplied by Air Product under the following concentrations: 65% CH4, 35% CO2 (in a single mixture); 500 ppm H2S and 100 ppm NH3. Calibration of the oxygen sensor was made in synthetic air. According to the German standard DIN 38 414-S8 the criterion to complete the efficiency tests was the moment in which the daily biogas production accounted for less than 1% of the total production obtained.
Results and Discussions
For the proper functioning of the bacteria, both macro and microelements are essential, constituting one of the essential nutrients [20] . The presence of heavy metals is a major barrier to the methane production. Many studies emphasize an inhibitory effect or a significant reduction of methane fermentation yield by the increased concentrations of heavy metals on methane fermentation process [21] - [23] . The reduction of methane in case of slurry containing copper, zinc, cadmium and lead have also been noticed in the performed experiment. Another confirmation of the negative impact of heavy metals is the fact of obtaining the highest efficiency of biogas and methane from pure manure. It is noted as given in Table 3 , that the least affected salts on the biogas and methane efficiency of slurry are cadmium and lead. It should be emphesized, however, that the concentration of these metals is lower in comparison to other heavy metals used in the experiment. The lowest biogas and methane yield is observed for the slurry containing copper and zinc ions and all salts (mix). This is alarming as copper is a basic component of feed supplements having a bactericide nature, very often used in farm animal breeding [24] . On the other hand, zinc is responsible for the functioning of the immune system [25] .
The carried out tests in the Environmental Technologies Laboratory have also been carried out for methane fermentation process, however, in mesophilic conditions. These data were published in the journal Episteme no. 30/2016, t. 1 in an article entitled "The impact of the increased concentration of lead, cadmium, zinc and copper ions in the methane fermentation slurry." It is noted that the presence of heavy metals greatly reduce the yield of methane and biogas fermentation mixture, especially in thermophilic conditions. Reduction in methane yield reaches the level from 33.23 to 44.85 p. p. in case of thermophilic fermentation, while below the decomposition temperature the reduction of process yield is in the range of 14.09 to 31.55 p.p. (Table 4 ) The significant difference of the methane yield between the mesophilic and thermophilic fermentation arises from the reaction of microorganism, present in the manure, on the temperature. The fermented slurry in thermophilic conditions has a lower efficiency due to the lack of the bacterial microflora, capable of functioning at high temperature.
Therefore, it should be emphasized that such a large efficiency decrease in the ongoing process leads to a significant reduction in the profitability of recycling the contaminated slurry by methane fermentation.
Conclusions
Heavy metals significantly reduce the efficiency of the methane fermentation in the thermophilic conditions. The heavy metal ions influencing biogas and methane yield on contaminated slurry at thermophilic fermentation are the following: Cu>mix>Zn>Cd>Pb. It can be observed that there is a lower methane fermentation yield of the contaminated slurry by heavy metals in thermophilic conditions compared to fermentation under mesophilic conditions.
